many forms. Several mechanisms whereby ammonia is incorl)orated into organic material by bacteria are known, the most important of which appear to involve glutamic acid dehydrogenase (Adler et al., 1938) , glutamine synthetase (Elliott and Gale, t948) , or carbamyl phosphate synthesis (Jones, Spector, and Lipmann, 1955) . In addition, Halpern and Umbarger (1960) demonstrated the importance of aspartase in amino group formation in Escherichia coli, with a-ketoglutaric or suceinic acid as the carbon source. If glucose was the carbon source, glutamic acid dehydrogenase activity could account for the formation of amino groups. Perry and Evans (1960) reported that Micrococcus sodonensis accumulated significant quantities of a-ketoglutaric acid and glutamic acid under their growth conditions. It was known that ammonia was incorporated by, and had a demonstrable metabolic effect upon, this organism. Therefore, investigations were initiated to assess the role of glutamic acid dehydrogenase (i.e., synthesis of glutamic acid) as a route of ammonia disposal.
MATERIALS AND METHODS
M. sodonensis (ATCC 11880) was employed throughout this investigation. For growth response and end-product accumulation experiments, the following basal medium, a modification of that proposed by Aaronson (1955) The a-keto acids produced were isolated from culture supernatants as the 2, 4-dinitrophenylhydrazones bv the method of Kun and Hernandez (1957) . They were tentatively identified by comparing their behavior with 2, 4-dinitrophenylhydrazones of known a-keto acids on paper chromatograms, with absolute ethanol-water (8.3:1.7), and butanol-ethanol-0.5 N ammonium hydroxide (7:1:2) as solvent systems. The material identified chromatographically as the 2, 4-dinitrophenylhydrazone of a-ketoglutaric acid was further checked by determining its absorption spectrum from 340 to 500 m,u, using a Beckman DK-2 recording spectrophotometer, and its melting point from material recrystallized from water. The values were compared with those obtained from known a-keto acids.
a-Ketoglutaric acid was measured quantitatively by the chromatographic-spectrophotometric method of Kun and Hernandez (1957 (Perry and Evans, unpublished data).
In the second groul) in Table 2 , the imolar levels of K+ were maintained neaI the optimal level, and varying levels of NH4+ were added. Growth response wNas stimulated even at ionic concentrations which were inhibitory if they Table  2 demonstrate that an optimal concentration of NH4+ (0.01 to 0.02 M) exists but is somewhat less sharply defined than that found for K+ (Perry and Evans, unpublished data tinguishable from that of the 2,4-dinitrophenylhydrazone of a-ketoglutaric acid. Table 4 gives the results of a quantitative estimation of a-ketoglutaric acid accumulated in the presence and absence of added NH4+.
Substrate sources of accumulated a-ketoglutaric acid. For the sake of simplicity, further studies were limited to media with glutamic acid as the sole source of nitrogen. Perry and Evans (1960) showed that M. sodonensis possesses the enzymes of the Krebs cycle. Nevertheless, the use of C'4-labeled substrates showed that both lactic acid and glutamic acid function as sources of the accumulated a-ketoglutaric acid (Table 5) . Wthether the a-ketoglutaric acid originating from glutamate was a result of deaminase or transaminase activity is not apparent from these data.
Studies with depleted and nondepleted cells. Two groups of cells were prepared: "Nondepleted" cells were obtained by growth in the synthetic medium with glutamic acid as the sole source of organic nitrogen. After harvesting and washing, these cells were found to contain high levels of endogenous glutamic acid. "Depleted" cells were obtained similarly, but were subsequently These data suggest that, in addition to its absolute requirement for a source of organic nitrogen, for which one of several amino acids suffices, this organism has a specific requirement for NH4+. If none is available exogenously, the organism deaminates some of its supply of glutamic acid. The resultant a-ketoglutaric acid, in addition to that synthesized from lactic acid, is more than can be metabolized, and an excess accumulates. Thus the glutamic acid dehydrogenase (or a similar system) functions as a method of obtaining, rather than fixing, NH4+ in the absence of an exogenous supply.
The formation of NH4+, rather than synthesis of glutamic acid, is rate-limiting. The presence of exogenous NH4+ thus spares the deamination of glutamic acid and prevents the accumulation of a-ketoglutaric acid and whatever reversing influence this accumulation might have upon Krebs cycle equilibria. The net result is an increased growth response. In contrast with this picture, Strauss (1956) reported that dicarboxylic acid-requiring mutants of Neurospora crassa accumulated acetylmethyl carbinol, pyruvic acid, and a-ketoisovaleric acid, when grown in the presence of ammonia or nitrate salts. This accumulation was prevented by the addition of dicarboxylic acids or by the reduction in the amount of added inorganic nitrogen. It was postulated that the nitrogenous salts diverted dicarboxylic acids, already in short supply, from the Krebs cycle to other synthetic reactions, resulting in accumulation of intermediates.
It has been reported frequently that ammonia exerts a stimulatory effect upon Krebs cycle enzymes in some systems. It is possible that ammonia may play some similar role in the growth and metabolism of M. sodonensis.
The route of incorporation of ammonia by this organism is under investigation. Preliminary work seems to indicate that the synthesis of glutamic acid, aspartic acid, glutamine, or asparagine is not a major route. An attractive possibility, in view of the ability of this organism to synthesize excessive quantities of deoxyribonucleic acid (Campbell et al., 1961) , would be via carbamyl phosphate formation into pyrimidine and ultimately into nucleic acid synthesis.
